Failure of the pulse pressure to increase in the post-premature beat is considered characteristic of idiopathic hypertrophic subaortic stenosis (IHSS). The sensitivity and specificity of this response were compared to the change in left ventricular ejection time (LVET) in 12 patients with IHSS, in ten control patients with valvular aortic stenosis (AS) and in five normal subjects. The post-PVC pulse pressure increased in all normals and in nine of the ten patients with AS. In IHSS this response was inconsistent. A positive Brockenbrough sign was seen in only 33%. On the other hand, LVET increased > 20-msec in eleven of twelve patients with IHSS, whereas all normal subjects and all patients with AS showed either decreases in LVET or increases smaller than 20 msec. Prolongation of the LVET during the post-PVC beat > 20 msec appears, therefore, to be a more sensitive sign of IHSS than the corresponding change in pulse pressure.
I DIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS (IHSS) is a dynamic muscular obstruction to left ventricular ejection which may be induced or increased by a variety of physiologic or pharmacologic interventions. Marked increases in obstruction are known to occur in the post-premature beat, in which the more forceful contraction following the extrasystole results in an augmentation of the left ventricular-aortic pressure gradient.1 Such augmentation does not differentiate between fixed valvular and dynamic muscular outflow obstruction. Considered characteristic of IHSS, however, is the response of the pulse pressure in the post-premature beat, first described by Brockenbrough and colleagues.2 Patients with IHSS were noted to exhibit a reduced systemic arterial pulse pressure in the beat following the premature contraction. This contrasted with fixed forms of left ventricular outflow obstruction, in which the post-premature beat showed an increase in pulse pressure. This inverse relationship between arterial pulse pressure and left ventricular systolic pressure in the post-premature beat is generally considered a reliable diagnostic sign of IHSS. Preliminary results, however, suggest that in the milder forms of IHSS this sign may be insensitive. 3 Prolongation of left ventricular ejection is also common to both valvular aortic stenosis and IHSS.4' Though nonspecific in the resting state, changes in the left ventricular ejection time (LVET) during pharmacologic intervention have been proposed as a noninvasive screening test for IHSS. 6 There are no studies which compare the LVET in the postpremature beat in these two groups.
The purpose of this investigation was to examine systematically the sensitivity and specificity of the change in pulse pressure and change in left ventricular ejection time in the post-premature beat in patients with IHSS, using patients with valvular aortic stenosis and normal subjects as controls. Differences in responses among these groups may aid in further clinical characterization of this disease.
Materials and Methods
The records of all patients with the diagnosis of IHSS undergoing cardiac catheterization at our institution since 1971 were reviewed. Twelve patients were found to have appropriate catheterization data recorded at paper speeds suitable for evaluation. The diagnosis of IHSS was confirmed by angiography and characteristic hemodynamic or echocardiographic features. Diagnoses with angiography and echocardiography were based upon abnormal systolic approximation of the interventricular septum and anterior leaflet of the mitral valve. Clinical features and hemodynamic abnormalities of patients with IHSS are listed in table 1.
The hemodynamic records of these patients were subsequently examined for the presence of single premature systoles. The extrasystoles were all of ventricular origin and either occurred spontaneously or were deliberatelyLVET IN THE POST-PREMATURE BEAT IN IHSS the left ventricular pulse contour to the peak aortic pressure.
Left ventricular ejection time was measured from the initial upstroke of the aortic pulse tracing to the incisura. Left ventricular ejection time was not corrected for heart rate as beat to beat changes were examined. The control ejection time and pulse pressure are the mean of the three preceding cycles. LVET and pulse pressure were determined in the same beat.
Results

Heart Rate and Premature Ventricular Contractions
The control heart rate and R-R interval were not statistically different in the three groups. The degree of prematurity (RV) and compensatory pause (VR) for each group are listed in table 2. There were no significant differences in these parameters noted among the three groups.
Left Ventricular-Aortic Pressure Gradients
The resting left ventricular-aortic peak systolic gradient was smaller in IHSS than in aortic stenosis (table 2) ; however, in the post-premature beat the gradients were not statistically different: 92 ± 10 in IHSS and 118 ± 18 in aortic stenosis. The increase in gradient in the post-premature beat was greater in IHSS than in valvular aortic stenosis (IHSS 48 + 6 mm Hg, AS 25 ± 5 mm Hg; P < 0.05) but this increase did not result primarily from an increase in left ventricular systolic pressure. The increase in left ventricular systolic pressure was not significantly different in the two groups (IHSS 41+ 6, AS 24 ± 4).
Pulse Pressure
The increase in pulse pressure from control to postpremature beat averaged 3 + 2 mm Hg in IHSS, 10 ± 5 in normals and 13 + 4 in valvular aortic stenosis ( fig. 1, table 2 ). Although there was an average increase in the pulse pressure of the postpremature beat in each group, the increase was statistically significant in valvular aortic stenosis and in normal subjects, but not in IHSS.
The scatter in the post-premature pulse pressure response in IHSS is also shown in figure 1. Four patients had increases in pulse pressure, two had decreases, two showed no change, and in four the response was variable with both increases and decreases in pulse pressure seen in the same record. There was no significant correlation in patients with IHSS between the change in pulse pressure, and resting outflow gradient or the increase in gradient. A fall in pulse pressure occurred in only one of the ten patients with valvular aortic stenosis.
Left Ventricular Ejection Time
The change in LVET in the post-premature beat is shown in figures 2 and 3 and the results are tabulated in figure 4 . The left ventricular ejection time in A comparison between the percent change in pulse pressure and percent change in left ventricular ejection time in IHSS is shown in figure 5 . Pulse pressure in the post-premature beat increased an average of 4% whereas for the left ventricular ejection time the mean increase was 17%. While the response of the pulse pressure in the post-premature beat exhibits considerable variability, showing either increases or decreases, the uniform response of the LVET is prolongation.
Discussion
Although the upstroke time of the resting carotid or aortic pulse tracing in IHSS is characteristically rapid,8 9 a prolonged left ventricular ejection time may occur.1 4 The resting carotid pulse tracing, however, may not be specific for the diagnosis, requiring at times augmentation of obstruction by pharmacologic stimulation.6' 8 Our findings suggest that prolongation of the LVET in the post-premature beat in IHSS can also be a useful diagnostic toolone which is both sensitive and specific. Prolongation of the LVET >20 msec was effective in discriminating IHSS from valvular aortic stenosis. No normal patient showed an increase in the left ventricular ejection time in the post-premature beat.
Outflow obstruction in IHSS is classically considered to be increased by interventions which decrease ventricular volume or increase contractile performance, and to be decreased by reductions in afterload."0 The contractile performance of the postpremature beat may be increased by 1) postextrasystolic potentiation, "persistence of the positive inotropic effect of activation longer than its negative inotropic effect" and 2) rest potentiation, that increase in strength of beats which follow periods of rest. 1 fraction with increased stroke volume. Whether the increased stroke volume was ejected into the aorta or into the left atrium was not clear. In contrast, Hernandez and associates, using a velocity catheter in the root of the aorta, and Pierce and coworkers, employing a flow meter around the aorta at the time of surgery, both observed that the forward stroke volume was the same or less in the post PVC beat when compared to other sinus beats in patients with IHSS.13, 14 The exact relationship between the outflow gradient and the LVET remains unclear. In their original series, Braunwald and coworkers found no relation between the peak systolic pressure gradient and the duration of the ejection period.' Wigle et al., however, noted a direct correlation between the change in LVET and the magnitude of the pressure gradient whether the latter varied spontaneously or followed surgical or pharmacologic intervention. '5 In contrast, when an intraventricular pressure difference resulted from catheter entrapment, an inverse correlation was seen. Most recently, Ibrahim et al., studying systolic time intervals in valvular aortic stenosis and IHSS, found that although there was an inverse relationship between the gradient and the isovolumetric contraction time in valvular aortic stenosis, no such correlation existed for IHSS. No single noninvasive parameter in IHSS was found to be of benefit in assessing the degree of obstruction. ' Failure of the pulse pressure to increase in the post-premature beat, frequently termed the Brockenbrough phenomenon, has been considered a hallmark of the hemodynamic diagnosis of IHSS.1 However, the sensitivity and specificity of this sign are not generally recognized. In the original description, a decrease in pulse pressure in the post-premature beat was seen in 11 of 12 18 The variability of pulse pressure responses seen in the post-premature beat may reflect true differences in forward stroke volume perhaps related to the relative prematurity of the ectopic beat. An increase in obstruction, however, would not necessarily result in a decrease in forward stroke volume. The increase in total time for ejection might compensate, allowing an increased stroke volume to be ejected although accompanied by an increase in gradient.
In conclusion, in IHSS a fall in pulse pressure in the post PVC beat, though highly specific, is lacking in sensitivity; that is, a large number of false negative responses are seen. Prolongation of the left ventricular ejection time >20 msec appears, however, to be an equally specific, though much more sensitive, sign and should be considered a reliable diagnostic finding in this dynamic disease.
Slopes of the carotid pulse wave in normal subjects, aortic valvular diseases, and hypertrophic subaortic stenosis. Circulation 43: 374, 1971 10. Ross J JR, BRA1NXAN LD E, GALLTJH, MASON DT, MORROw AG:
The mechanism of the intraventricular pressure gradient in idiopathic hypertrophic subaortic stenosis. Circulation 34: 558, 1966 1 1. KOCH-WESER J, BLINKS JR: The influence of the interval between beats on myocardial contractility. Pharmacol Rev
